Large thymocyte-rich regions, which often spanned from the outer cortex to medulla, lacked epithelial cells. These mAb should prove invaluable for determining the functional significance of thymic stromal-cell subsets to thymopoiesis.
INTRODUCTION
The generation of a functionally competent, complete repertoire of MHC-educated T lymphocytes is dependent on an intact thymus. This intrathymic differentiation of bloodborne precursors involves a complex series of interactions between the maturing thymocytes and subsets of the thymic stromal cells (TSC) (Scollay et al., 1988; Boyd and Hugo, 1991) . Although histologically the thymus appears to be structurally simple, the complexity of T-cell maturation in this organ would predict that the stromal cells are equally complex. Examination of cultured thymic stromal cells (Loor, 1979) , ultrastructural studies (Van de Wijngaert et al., 1984) , and distribution of MHC antigens (Van Ewijk et al., 1980) provided the first indications that this was so. *Corresponding author. Recently, mAb to murine, human and rat TSC have demonstrated a limited number of specific regions in the thymus, in particular, the antigenically distinct nature of the cortical and medullary epithelium, Hassall's corpuscles, the subcapsular and medullary epithelium and neuroendocrine components (e.g., Haynes, 1984; van Vliet et al., 1984a : De Maagd et al., 1985 Lobach et al., 1985; von Gaudecker, 1986; Boyd et al., 1988; Colic et al., 1988; Godfrey et al., 1990;  Izon and . Interspersed throughout these are macrophages, reticular fibroblasts, and dendritic cells (Haynes, 1984; van Vliet et al., 1984a; Crowley et el., 1989) . Whether cells of the phagocytic thymic reticulum (Nabarra and Papiernik, 1988 ) are distinct from, or encompassed within, these cells is not known. We have previously confirmed and markedly extended these studies with a panel of extensively characterized mAb to mouse TSC (Boyd et al., 1988; Tucek et al., 1989; Godfrey et al., 1990 antigens restricted to thymic-dependent lymphoid tissues but expressed on both TSC and T lymphocytes.
In the present study, we have produced an extensive panel of mAb to the chicken thymus as a prelude to deciphering the microenvironment of this organ in this species. These reagents have demonstrated the highly conserved nature of thymus and have confirmed the complexity of its milieu. In addition, these mAb have also been used to monitor abnormalities in the thymus of autoimmunity-prone line 200 chickens .
RESULTS

Classification
Where possible, the reactivities of the antithymic epithelium mAb (Ritter and Haynes, 1987) , the mAb were subdivided into groups using CTES nomenclature (Clusters of Thymic Epithelial Staining patterns). The initial findings of this workshop have recently been published (Kampinga et al., 1989) . The reactivity of the present panel of mAbs to the bursa, where relevant, has been described in detail elsewhere Fig. 2g ).
MUI-58 demonstrated the antigenic similarity between the medullary and subcapsular thymic epithelium (Fig. l j) (CTES II) . This mAb had very restricted nonthymic reactivity, but of particular interest, it stained isolated stellate cells in splenic germinal centres (Fig. lk) and the basement membrane-associated epithelium in the bursa 
Nonlymphoid Reactivity
During the initial screening process, those hybridomas with broad tissue cross-reactivity were discarded. Despite this, many of the mAb showed reactivity, if only restricted, with nonthymic tissue, particularly the bursa . The nonlymphoid reactivity of the mAb is summarized in Table 4 . (Fig. 4a) (von Guadecker, 1986) . This diversity was substantiated by analy- al., 1980) , including the outer cortical located TNC (Wekerle et al., 1980; van Vliet et al., 1984b) . In contrast, MHC class-II molecules are expressed on the cortical epithelial network and confluent in the medulla (e.g., van Ewijk et al., 1980) . Recently, a novel MHC class-II epitope was localized to a subset of medullary stromal cells (Murphy et al., 1989) , indicating that T cells have a different exposure to MHC molecules than other cell types. The present study clearly demonstrates that the chicken thymic stroma is equally complex, and, in addition, markedly extends the mammalian data through the demonstration of new determinants.
Although the mAbs should prove invaluable for the functional dissection of the thymic microenvironment and phenotypic mapping of the stroma in various developmental and pathological conditions, an important question that remains to be resolved is the nature of the molecules that they identify. This is also true of the vast majority of mAbs to mammalian thymic stromal cells (Brekelmans and van Ewijk, 1990) , the problem being that many of the molecules they detect are in relatively low abundance and can be difficult to isolate. As aconsequence, the biochemical characterization of thymic stromal molecules is the major current focus of an international workshop (Rolduc CTES nomenclature) that is being conducted in several laboratories, on the analysis of anti-mammalian thymic epithelium reactive mAbs. The phenotypic classification of these workshop mAbs has recently been presented (Kampinga et al., 1989; Ladyman et al., 1991) . In terms of the current mAbs to the chicken thymus, Guillemot etal., 1984) . We have also determined that MUI- (Lobach et al., 1985; Boyd et al., 1988; Colic et al., 1988; Godfrey et al., 1990; Izon and Boyd, 1990) . It is not a pankeratin because it failed to react with epithelium from all tissues and its reactivity was not blocked in the double-labeling experiments with antike,ratin. MUI-73 would be classified as CTES-1 according to the Rolduc Workshop recommendations (Kampinga et al., 1989) . MUI-54 also stained most of the thymic epithelium, but only reacted with a minority of the subcapsule and perivascular regions. It thus resembles the rat thymic marker HIS 46 and is of the CTES.xx.a category (Kampinga et al., 1989) . Again, it is not an antikeratin because of the additional very fine, although weak, granular staining observed throughout several organs, including the thymus, bursa, brain, spleen, and heart. Such reactivity demonstrates that epithelial and non-epithelial cells share determinants that may therefore serve a "housekeeping" function.
MUI-51, -53, and -70 are particularly interesting because of their specificity for the flattened epithelium lining the subcapsule, subtrabeculae (which is an extension of the subcapsule), and the perivascular space. This has been defined as type-I epithelium because of its distinctive location adjacent to the basal lamina and characteristic morphology (van de Wijngaert et al., 1984) ; as yet, however, there have been no specific antigenic markers to precisely identify these cells in the thymus. Although the thymic MUI-70-positive epithelial cells are a distinct subset, they cannot be assigned a distinct state of epithelial-cell maturation because basal epithelial cells were positive in tongue, which appear to be the most immature cell types (Cotsarelis et al., 1989) . However, in the gut, the apical epithelial cells of the villi were positive and these are the most mature cells (McClintic, 1978) . The function of the type-I epithelial cells is unknown, but it can be proposed that since the subcapsule is the chief zone of thymic lymphopoiesis (Mandel, 1969) , it is the epithelial cells that provide the mitotic stimulus. MUI-51 and -53, by their restricted staining patterns, further revealed specialized areas within the type-I epithelium. It may be related to different states of maturation within the type-I epithelium because MUI-51 stained the basal epithelium in the tongue and Harder's glands and the intestinal crypts--all regions of less differentiated epithelium (Cotsarelis et al., 1989) .
The antigenic similarity between the subcapsular and medullary epithelium was revealed by . This has also been described in humans, mice, and rats (Haynes, 1984; De Maagd et al., 1985; Colic et al., 1988; Kampinga et al., 1989; Godfrey et al., 1990; Izon and Boyd, 1990) , demonstrating a remarkable phylogenetically conserved relationship between the subcapsule and medulla; it is indicative of their proposed common endodermal origin in the embryo (Haynes, 1984) . MUI-58 was negative on all nonthymic tissues with the exception of pancreatic tubules, some ovarian follicles, and the oviduct mucosal epithelium. This very restricted reactivity would be consistent with a functional role for the epitope in T-cell differentiation.
Three mAb were specific for thymic medullary epithelium. (Boyd and Ward, 1984; Houssaint et al., 1986) . MUI-69 has a similar intrathymic distribution to MUI-62, but was not obviously extracellular. It was also more restricted in its nonthymic reactivity; in particular, it stained only some of the bursal follicles ; and pockets of epithelial cells . The thymic epithelial subset detected by has relevance to the concept of a stromal-cell precursor (Lampert and Ritter, 1988) (Cotsarelis et al., 1989) . Whether the MUI-66-positive cells are precursors to the others and hence the medullary subsets would be all distinct phases of the one lineage is uncertain, but has been recently addressed (Wilson et al., in press ).
In addition to the epithelial cell heterogeneity revealed by the MUI mAb, a remarkable finding to emerge was the extensive areas of the thymus that lack epithelium (keratin-negative areas; KNA), particularly in the central, medullary regions. Van Ewijk et al. (1980) (Owen et al., 1986) . all stained isolated non-epithelial cells in the KNA. In this regard, the staining pattern of MUI-78 in both thymic and nonthymic tissues was identical to that ascribed to B-L, the chicken MHC class-II product Ewert et al., 1984; Guillemot et al., 1984; Hala et al., 1984; . may be detecting dendritic cells (Owen et al., 1986) because it was negative in the cortex and in chimeric studies, the vast majority of MHC class-II-positive cells in the chicken thymus medulla are bone-marrowderived (Guillemot et al., 1984 (Schuurman et al., 1987; Colic et al., 1988 (Jeurissen et al., 1988) .
Collectively, these mAb represent excellent tools for the study of thymic stromal cell control of chicken T-cell differentiation, in particular, for determining the nature of cells secreting chemoattractants (Dunon et al., 1990) and those responsible for tolerance induction (Salaun et al., 1990) . As a first approach to this, we have examined the ontogenic development of the stromal determinants relative to T cells (Wilson et (Chen et al., 1986; Chan et al., 1988; Sowder et al., 1988 The isotype of the mAb was determined by agar gel immunodiffusion using culture supernatants concentrated ten-fold by negative pressure dialysis and subclass specific reagents (Nordic Immunology, Tilburg, The Netherlands). (Received April 3, 1991) (Accepted July 19, 1991) 
